Abstract
INTRODUCTION
Bitumen binder is a significant building material used both in road constructions and for other building purposes. The first references to the use of this material date back to ancient history. Increases in its use started at the beginning of the twentieth century with the rise of the petrochemical industry. Today, it is a commonly used material without which most road communications cannot be done. In the Czech Republic, 97% of the road communications contain asphalt surface wearing course. The asphalt layers of pavements comprise the upper construction of a non-solid pavement, which is directly exposed to the horizontal and tangential strain effects of vehicles. These effects are then shifted to other layers of the road construction. The top surface dressing (the abrasive/surface course) layer is directly exposed to atmospheric and climatic influences. The pavement surface dressing should therefore be impermeable, even, and have adequate anti-slip qualities throughout its lifetime so that safe, fast and comfortable ride is ensured. In order to meet these requirements, it is not only necessary to provide a suitable construction material (Stehlik at. al., 2015) , (Komacka at. al., 2014) , (Wu at. al, 2015) , but also to maintain the construction technology; otherwise, various defects such as an adhesion failure among the individual asphalt layers (Hamzah at. al., 2014) or unsuitable surface properties on the abrasion layers may occur.
interface of the two substances. This attractive power between these two substances is called "adhesion".
An asphalt mixture consists of coarse and fine aggregates, a filler and asphalt binder. The function of the asphalt pavement surface is based on the mutual cohesion and adhesion of all the components of the asphalt mixture. The adhesion between the aggregates and asphalt binder belongs among the important factors that influence the durability of asphalt layers. The interaction between the individual components of an asphalt mixture is dependent on the factors, see Fig. 1 .
There are two types of adhesion of asphalt mixtures: active and passive. Active adhesion between an asphalt binder and an aggregate occurs when the binder is able to move water from the wet surface of the aggregate. Passive adhesion is caused by external forces, e.g., increased pore pressure, and can be described as resistance to water penetrating into a system while using asphalt mixtures (Georgy, 1961) .
In order to describe the bonding processes between an asphalt binder and aggregate, it is necessary to work on an adhesion theory (Nösler, 2000) , (Masad at. al., 2004 ), which can be described by theoretical models (Volker at. al., 2009) . For the most frequently used models, see Tab 1.
Tab. 1 Adhesion models between asphalt binders and aggregates considered

Theory Interaction
Weak Boundary Layer theory layering
Mechanical theory interlock
Electrostatic theory potential
Chemical theory covalent and ionic bonds Thermodynamic theory surface energy
FAILURE MODELS
The most frequently seen and common examples of adhesion models that explain adhesion failures include pore pressure, displacement (see Fig. 2 ), infiltration, and boundary layer damage models (Volker at. al., 2009 ). These models rarely exist in isolation in practice; in most cases a combination of models occurs. Being affected by water is the one thing that these models have in common, because water is the main cause of adhesion failure (Hefer at. al., 2005) , since water is a bipolar liquid. The double pole has a positive and negative charge, and the chemical bonds among the atoms make an angle of approximately 105°C. Water molecules are slightly attracted by the hydrophilic surface of the mineral (aggregate), so a saturation of the surface charges takes place. This results in a gradual displacement of a non-polar asphalt binder from the surface of the aggregates. Further minor factors include the transport loads, temperature conditions, and quality of the binder and aggregate. A marginal factor is also the thickness of the binder layer on the aggregates. In an experimental study, Mondal et al (Mondal at. al., 2012) carried out tensile tests on the interface of the aggregates and asphalt binder in order to determine the effect of the thickness of the asphalt binder on the way the damage occurred. The thickness of the asphalt film between the two polished aggregate surfaces ranged from 0.11 mm to 0.64 mm. A traction load was applied at 1 mm/min, and tests were carried out at 23°C. It was determined that the thickness of the asphalt binder does affect the adhesion and damages the bond between the aggregates and asphalt binder. With any increase in the thickness of the asphalt layer, the probability of the failure of the binder increases too.
ADHESION PROMOTERS
Adhesion promoters are chemicals that affect the interface between an organic polymer and an inorganic substrate and increase the adhesion between the two materials (Ebnesajjad, 2011) . By changing the surface tension and reducing the viscosity, the asphalt binder (Volker at. al., 2009) It has been proved that silane-based adhesive additives promote the adhesion between organic and inorganic materials; furthermore, they extend their lifetime period in wet conditions (Cui at. al., 2014) . The effectiveness of these promoters is attributed to the fact that they act as a chemical bridge, where one part of the molecule is attached to an aggregate and the other part is bound to the asphalt binder (Packham, 2005) . There are also amine-based adhesion promoters, which consist of long hydrocarbon chains and amine functional groups. Hydrocarbon groups react with the asphalt binder and the aggregate reacts with the amine group, thereby increasing the aggregate wettability within the asphalt binder.
EXPERIMENT
The adhesion between aggregates and an asphalt binder cannot be quantified. Adhesive bonds can be assessed according to adhesion failure studies by various methods, such as chemical, mechanical, thermodynamic or electrostatic testing.
As mentioned above, the greatest effect on an asphalt binder-aggregate system is most probably water (a stripping effect). Therefore, the sensitivity or resistance of moisture to a loss of adhesion is considered to be a suitable and indirect indicator of the ability of asphalt binder to adhere to aggregates (Volker at. al., 2009 ).
• Testing methods for dealing with sensitivity to moisture can be divided into two categories: Tests that are carried out on coated aggregate particles, such as rotating bottle, boiling water immersion, and immersion tests.
• Tests performed on a test body, i.e., with a compacted asphalt mixture such as the Kantabro, indirect tensile stress test (ITS), or abrasion tests.
For the purpose of this article, the methodology used for determining the adhesion of asphalt binders to aggregates is in accordance with ČSN 73 6161: 2000. The determination of the adhesion of asphalt binders to aggregates, test parameters, see Tab. 2.
The adhesion of asphalt binder to aggregates is assessed according to ČSN 73 6161 in the following way:
• excellent: if more than 75% of the grains of the test specimen have the characteristics of the connection of the asphalt binder film with the aggregate "A"; for the rest of the grains, the characteristics must not be less than "B" (the percentage of the coated area greater than approximately 97%);
• good: if more than 75% of the grains of the test specimen have the characteristics of the connection of the asphalt binder film with the aggregate "B" (or better); for the rest of the grains, the characteristics must not be less than "C" (the percentage of the coated area greater than approximately 90%); • pass: if more than 75% of the grains of the test specimen have the characteristics of the connection of the asphalt binder film with the aggregate "C" (or better); for the rest of the grains the characteristics must not be less than "D" (the percentage of the coated area greater than approximately 80%); • not pass: If less than 75% of the grains have the characteristics "C". Vol. 26, 2018, No. 1, 19 -24 
Tab. 2 Parameters of ČSN 73 6161: 2000 The determination of the adhesion of asphalt binders to aggregates
Agregates
Number of samples
Amount of binder
Materials
In order to study the adhesive qualities of a new additive, the following input materials were used. There are three new promoters listed in Tab. 4, including their descriptions. Furthermore, the 50/70 road asphalt binder and polymer modified asphalt binder PmB 45/80-55, A1 aggregate, and A2 aggregate were used.
A1 Aggregate -8/11
This aggregate mainly consists of amphibolic-biotic granodiorite. Granodiorite belongs among deep acid igneous rocks with a SiO 2 content higher than 65%. There are plagioclases predominant over feldspar potassium. The jointing of these rocks is cuboidal or heavy-bedded. The bulk weight ranges from 2600 -2800 kg/m 3 ; the Mohs hardness is 6 -7; absorption is between 0.5 -2.0%; and the compression strength is 120 -240 MPa. Amphibole belongs among dark minerals; it forms columnar and needle-like crystals. They are perfectly fissible and parallel to the longitudinal axis of posts. The cleavage areas are approximately 60°and 120°. Biotite (dark mica) has a hardness of 2.5 -3 and a density of 3 -3.1 g/cm 3 . It is a blackish-brown or black scaly mineral of an uneven shape with a perfect cleavability.
A2 Aggregate -8/16
This aggregate predominantly consists of regionally metamorphosed clay shale, i.e., paragneiss. It ranks among metamorphic rocks formed by the regional conversion of sedimentary rocks. The main macroscopic minerals are quartz, feldspar, mica, and sometimes sillimanite. Subsidiary macroscopic mineral components are graphite, cordierite, and garnet. The bulk weight varies between 2650 and 2750 kg/m 3 ; the Mohs hardness is 6 -7; the absorption is in the range of 0.1 -1.2%; and the compressive strength of this rock is 120 --250 MPa.
The test specimens were prepared from the above-mentioned input materials, see Tab. 5.
ASSESSMENT OF THE EXPERIMENT
When using the AD2, Addibit, or Wetfix BE admixtures, the adhesion of all the specimens was achieved with an assessment of "good". The asphalt mixtures that include these promoters will be able to be used according to ČSN EN 13108-1 in the underlay, base, and surface courses in all classes of the traffic loads.
Specimens without adhesive promoters with the modified PMB 45/80-55 asphalt binder were assessed as suitable and may be used according to ČSN EN 13108-1 in the wear and bedding layers of pavements with III, IV, VI and CH traffic loads.
Specimens without adhesive promoters with the 50/70 road asphalt binder were assessed as unsatisfactory. This means that aggregates without promoters are not suitable for use in the construction layers of the pavements due to particular acidic rocks, which generally do not permit good adhesion, see Tab.6.
CONCLUSION
Based on the assessment of the results of the adhesion of the asphalt binder to the aggregates, it can be concluded that the new AD2 adhesive additive favourably affects the asphalt binder's adhesion. When used, it can be expected to have a beneficial effect on the durability (lifetime period) of a pavement construction, thus reducing life cycle costs (lower maintenance costs). Other findings that resulted from carrying out the experiment include:
• Moisture has adverse effects on the adhesion of asphalt mixtures. The choice of a hydrophobic aggregate or the use of chemical promoters in a binder can help minimize this particular degradation.
• Adhesion within an asphalt binder aggregate system is a result of a combination of thermodynamic, mechanical and 301.2 g sample 6 300.9 g sample 4 300.4 g sample 5 300.6 g sample 8 300.0 g sample 9 physico-chemical mechanisms. There is no single dominant mechanism that can define adhesion.
• A loss of adhesion in an asphalt mixture is defined as a separation of the binder (fillers) from the aggregates.
• The qualities of aggregates have a more significant effect on adhesion in comparison with the qualities of a binder.
• The use of a suitable adhesive additive not only contributes to a stronger bond between a binder and aggregates, but also improves the resistance of this bond against water. 
